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A B S T R A C TObjective: Assessment of costs matrix and patterns of prescribing of
radiology diagnostic, radiation therapy, nuclear medicine, and inter-
ventional radiology services. Another aim of the study was insight
into drivers of inappropriate resource allocation. Methods: An in-
depth, retrospective bottom-up trend analysis of services consump-
tion patterns and expenses was conducted from the perspective of
third-party payer, for 205,576 inpatients of a large tertiary
care university hospital in Serbia (1,293 beds) from 2007 to 2010.
Results: A total of 20,117 patients in 2007, 17,436 in 2008, 19,996 in
2009, and 17,579 in 2010 were radiologically examined, who consumed
services valued at €2,713,573.99 in 2007, €4,529,387.36 in 2008,
€5,388,585.15 in –2009, and €5,556,341.35 in 2010. Conclusions: The
macroeconomic crisis worldwide and consecutive health policy meas-
ures caused a drop in health care services diversity offered in
some areas in the period 2008 to 2009. In spite of this, in total itsee front matter Copyright & 2013, International S
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zara Markovica 69, 34 000 Kragujevac, Serbia.increased during the time span observed. The total cost of services
increased because of a rise in overall consumption and population
morbidity. An average radiologically examined patient got one frontal
chest graph, each 7th patient got an abdomen ultrasound examina-
tion, each 19th patient got a computed tomography endocranium
check, and each 25th patient got a head nuclear magnetic resonance.
Findings conﬁrm irrational prescribing of diagnostic procedures and
necessities of cutting costs. The consumption patterns noticed should
provide an important momentum for policymakers to intervene
and ensure higher adherence to guidelines by clinicians.
Keywords: costs, interventional radiology, nuclear medicine, radiation
therapy, radiology diagnostics, utilization patterns.
Copyright & 2013, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.Introduction
Our time witnesses unseen contemporary advances in medical
technology and development of modern equipment in all
branches of medicine. A great number of new diagnostic and
therapeutic methods have come up in radiology as well. They are
very powerful, but their purchase price (which often amounts to a
few million euros, for, for example, computed tomography [CT]
and nuclear magnetic resonance [NMR]) limits broader usage and
replacement of existing appliances. Apart from diagnostic appli-
ances, there has been a technological revolution in radiological
methods of intervention radiology and radiotherapy, the develop-
ment and application of which have prospered in the last 10 years.
Parallel to the invention of such appliances and their procure-
ment, a problem has been noted because their services are very
expensive and keep a constant burden on health funds [1–8].
These appliances represent mass consumers of health care
budgets worldwide. This is particularly the case when consideringsecondary and tertiary care hospitals. Health economic estimates
of radiation-mediated diagnostic and treatment procedures are
seldom reported in the literature. Of those that are available, most
deal with imaging diagnostics or radiotherapy in oncology on a
separate basis. This would be the ﬁrst study to compare all these
examinations and interventions in a large-scale trial.
In Serbia, as a typical upper-middle income southeastern
European country, expensive high-tech services were centralized
to several tertiary facilities, the third largest of them being the
Clinical Center in Kragujevac. For this reason, we chose this
particular university clinic with approximately 1,300 beds, more
than 50,000 hospital admissions, and 400,000 outpatient exami-
nations per year. Another problem lies in the fact that these
expensive high-tech services are nonrationally prescribed, which
also contributes to excessive consumption and spending from
the modest health budget. By analyzing the 3-year-long trend in
the consumption of services (the volume, i.e., the number of, the
frequency, or expenses), we are of the opinion that the keyociety for Pharmacoeconomics and Outcomes Research (ISPOR).
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ing guidelines for good clinical practice.
Based on these above-mentioned facts, interventions could
be made in the future aimed toward more rational prescription,
especially diagnostic methods, which would redistribute the
limited resources to the cases in which these are necessary for
proper treatment. Similar to our postulates, numerous studies
have shown an increasing trend of the unrealistic use/con-
sumption of radiologic diagnostic methods [9–13], and it is
specially the case with new radiologic methods. The downside
of these studies, and thus of ours too, is the short time during
which the study was carried out (3–6 years), which will be
annulated by the future prolonging of the study time of this
study. We consider it necessary to establish a special organ-
ization whose purpose would be to monitor the prescription of
radiologic measures and mark the cumulative annual accepted
dosage of radiation given to patients, as was the case with
patients who took medicines in some countries, the Czech
Republic for instance [14].
The aim of this article was to establish whether radiologic
methods in diagnostics and therapy have been used rationally
during the last 4 years and to substantiate the need for making a
guideline for the application of radiologic methods in clinical
practice.Methods
The 4-year-long retrospective analysis of total expenditure trends
of radiologic services from the spheres of the classical radio-
graphic, high-tech imaging diagnostics, interventional radiology,
radiation therapy, and procedures of nuclear medicine during the
years 2007, 2008, 2009, and 2010 was provided by the database of
the Clinical Center in Kragujevac (Figs. 1 and 2). The regular
invoicing of services provided in the daycare service and to
hospitalized patients according to International Statistical Classi-
ﬁcation of Diseases, 10th Revision code of illnesses and the name/
surname/personal identiﬁcation number resulted in a large
administrative database, which is regularly updated. By the
cooperation of the clinics and departments in charge, the preview
of the database was obtained.
Authors analyzed services that were used the most frequently
during the above-mentioned years (top 10 of the expenditure
volume) and the most expensive services (top 10 of the total
value of services), that is, those that by themselves take up 67% toFig. 1 – Division of core services.95% (arithmetic mean  1 or 2 SD) of the total value of services.
The population included in this research amounts to 600,000
inhabitants and is situated in central Serbia, in Sumadija, and the
clinical center in charge is the one in Kragujevac.Results
More than 17,000 radiologically examined inpatients per year
have been noted in the clinical center in Kragujevac (Table 1).
During 2007, most of the services were provided to outpatients;
during 2008 and 2009, most of the services were provided to
inpatients; and in 2010, all the radiological diagnostic and
therapy services in nuclear medicine and interventional radiol-
ogy were provided to inpatients exclusively. Total expenses
constantly increased during the 4-year period analyzed (Table 1).
Nine percent of total 4-year expenses belong to nuclear
medicine, 16% to radiotherapy, while the radiodiagnostic service
including interventional radiology spends 75% of the budget
intended for radiological services. The number of inpatients
constantly increased from 2007 to 2010 (Table 1), but the ratio
of patients who received one of the radiological services was
relatively reduced with periodic oscillations (44.04% in 2007,
34.55% in 2008, 35.55% in 2009, and 31.39% in 2010). In 2007, on
average every second patient hospitalized received one of the
radiological services, while in 2010, every third patient received
one of the radiological services.
The average price of radiological services per patient constantly
increased during this 4-year period analyzed—in 2007, 10,658.97
RSD (€134.89); in 2008, 20,516.81 RSD (€259.77); in 2009, 26,506.07
RSD (€283.67); and in 2010, 33,045.99 RSD (€316.08) (Fig. 3).
The total number of hospital admissions with radiologically
examined patients slightly reduced from 2007 to 2010 (Table 1).
Eighty-three percent of all the ﬁrst hospitalizations at the Depart-
ment of Radiology and Nuclear Medicine belong to radiodiagnos-
tics with interventional radiology.
The number of patients examined and nuclear medicine
services provided in this period decreased (Table 1). Costs,
however, increased signiﬁcantly although the number of patients
examined or services provided reduced, from 32,272,107.84 RSD
(€408,404.30) to 50,264,302.32 RSD (€481,597.20) in 2010, with a
slight decline in 2008 (Table 1).
The number of patients who received some of the radiodiag-
nostic services remained at about 15,000 during the 4-year period
(range of 17,000–19,000). The expenses of these services, however,
constantly increased, tripling from 2007 to 2010 (Table 1).
The number of patients who received some of the radio-
therapy services, and the number of services provided as well,
had a slight increase (Table 1). This slight rise in the obtained
services volume follows the increase in cost (Table 1).
The services of nuclear medicine lowered their expenses from
15% in 2007 to 8.6% in 2010 per year. A similar fall was noticed in
radiotherapy, from 23% in 2007 to 12% in 2010. However, radio-
diagnostic services mark a constant increase in the percentage
share from 62% in 2007 to 79.55% in 2010.
The total number of services given, including the repetitive
one, constantly increased (Table 1), With 81% of the services
provided belonging to the ﬁeld of radiotherapy, 18% belonging to
radiology diagnostic services with interventional radiology, and
only 1% belonging to nuclear medicine. The total number of
nuclear medicine services provided was doubled in 2010 com-
pared with that in 2007 (Table 1). In contrast to nuclear medicine,
the total number of radiology diagnostic services and radiother-
apeutic services provided constantly grew (Table 1). The trend of
increase in the total number of radiology diagnostic services















Total financial value 
of spending (€)
Fig. 2 – Expenditure comparison between three clinical branches.
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drop in some areas but in total all the three groups (nuclear
medicine, radiology diagnostic, and radiotherapy) recorded an
increase of two to three times from 2007 to 2010 (Table 1).
A total of 3% of the patients received some of the radio-
therapeutic services, 16% received nuclear medicine services,
while 81% of the patients received some other radiology diag-
nostic or emergency radiology services.Table 1 – Display of all radiological services analyzed an
Number of patients treated
Total number of inpatients admitted (regardless of radiological
examination presence/absence)
Nuclear medicine
Radiology diagnostic service (including interventional)
Radiation therapy
Total
Number of single hospital admissions
Nuclear medicine
Radiology diagnostic service (including interventional)
Radiation therapy
Total
Total frequency of services provided (including repeated procedures)
Nuclear medicine
Radiology diagnostic service (including interventional)
Radiation therapy
Total
Diversity of services offered (number of different services available)
Nuclear medicine
Radiology diagnostic service (including interventional)
Radiation therapy
Total
Total ﬁnancial value of services consumed (€)
Nuclear medicine
Radiology diagnostic service (including interventional)
Radiation therapy
TotalThe upward trend in diversity is the largest in the ﬁeld of
interventional radiology and classical radiographics, while the
trend shows a slight increase in nuclear medicine and radiation
therapy.
The services that are most used in nuclear medicine (Table 2)
are those that determine the thyroid gland hormones and
thyroid-stimulating hormone. We can notice that the number
of given services reduced by two times from 2007 to 2010. Most ofd respective costs incurred.
2007 2008 2009 2010
45,677 50,459 53,433 56,007
4,456 2,041 2,566 2,990
15,224 14,918 15,903 14,050
437 477 527 539
20,117 17,436 19,996 17,579
2007 2008 2009 2010
5,193 2,114 2,715 3,267
18,320 18,227 19,231 17,094
457 517 563 565
23,970 20,858 22,509 20,926
2007 2008 2009 2010
18,145 10,670 18,684 32,002
53,416 183,540 928,777 1,591,285
2,975,493 3,104,262 3,196,789 3,468,228
3,047,054 3,298,472 4,144,250 5,091,515
2007 2008 2009 2010
73 159 128 169
216 488 596 658
277 266 275 348
566 913 999 1,175
2007 2008 2009 2010
408,404.3 339,539.4 432,617.4 481,597.2
1,691,606.7 3,352,212.6 4,253,573.2 4,424,357.8
613,562.9 837,489.5 702,228.3 659,968.8
2,713,573.99 4,529,387.36 5,388,585.15 5,556,341.35
Fig. 3 – Average cost per patient treated and average cost per admission.
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determining the thyroid gland hormones (Table 2).
The greatest expenses of radiotherapy (Table 2) during the
analyzed 4-year period were for gentigrey. According to the
expenditure volume, gentigrey is the leader of radiotherapeutic
methods (Table 2).
According to the volume of services, nuclear medicine sig-
niﬁcantly decreased the prescription of its services from 2007
to 2010.
The most common radiotherapy service, gentigrey, shows the
application plateau at about 60 units per patient hospitalized
during the analyzed period, while the accelerator isocenter
technique reduced the volume of consumption, since every 8th
patient received that service, and in 2010, every 12th patient
received it. Team treatment in 2007 of the patient for radiation
therapy was signiﬁcantly increased in volume. In 2007, every
501st patient received this service while in 2010 every 133rd
patient received it.
Table 2 shows that the lung RO in maximum expiration is the
most common method applied among the classical radiology
diagnostic (RO) methods. Its use has a clear trend of increase—an
increase of 3.5 times from 2007 to 2010. It means that almost
every patient who received some of the classical diagnostic
methods of radiology got at least one RO graphy of lungs in
maximum expiration, and out of all hospitalized patients every
4th patient got the lung RO graphy in maximum expiration in
2010, while in 2007 every 13th patient received it. The use of RO
graphy of the abdomen in the posterior-anterior (PA) position and
proﬁle in the same period increased about 7 times.
Similarly, the consumption of classical methods of radiology
as the most widespread methods is the most expensive, and the
trend of consumption is evident, from 726,269.49 RSD (€9,190.96)in 2007 to 3,278,406.48 RSD (€31,411.27) in 2010 (a jump of 4.5
times in consumption) (Table 2).
Imaging methods are great consumers, and the greatest
consumer is the CT-targeted imaging of particular organs accom-
panied with reconstructions, and the expenses of this method
increased 23 times during the 4-year period. Right afterwards
come the head and neck CT without contrast agents for which
there was an increase of 1.3 times.
In Table 2, we notice that imaging methods are prescribed very
often. Targeted CT of particular organs followed by reconstruction is
the most common method, and its frequency of usage represents a
clear trend of growth of 18.5 times during the period analyzed. It
means that every 3rd patient hospitalized received this service in
2010, while in 2007, it was every 52nd patient. It is interesting to
note that the use of the standard abdominal ultrasound examina-
tion (examination of liver, gall bladder, pancreas, spleen, and
kidney) decreased 1.8 times. The greatest leap (50 times) is noticed
for the head and neck CT without contrast agents.
Methods of interventional radiology are applied to a lesser
extent, and the most common method is invasive hemodynam-
ics, followed by selective coronary angiography and cardiac
catheterization. Throughout the analyzed period, each patient
received the service of invasive hemodynamics. Percutaneous
transluminal angioplasty (PTA) revascularization (without stent
implantation) and endovascular treatment of intracranial aneur-
ism are the largest consumers, and costs have a growing trend of
about three times during the period analyzed (Table 2).
The top 10 most expensive disorders to treat were recognized
by analyzing resource use and costs related to the patient's
diagnosis at hospital discharge. These are provided jointly for
radiology diagnostic examinations, nuclear medicine procedures,
and radiation therapy in oncology in Table 3.
Table 2 – Top 10 services according to the volume of unit consumption and according to treatment expenditures.
Radiodiagnostics
Unit consumption Value of consumption (€)
Chest graph in the maximum expiration AP 9,598,728 Target CT images with reconstruction of
some organs
1,650,655
RO graphy of the abdomen in the PA position and proﬁle 399,191 PTA revascularization (without stent
implantation)
1,531,675
The esophagus, stomach, and duodenum— double volume
control methods targeted shooting
351,846 Endovascular treatment of intracranial
aneurysm
1,414,823
RO graphy of knee joint, lower leg, ankle, or foot in two
directions
380,503 Coronarography—Catheterization 885,123.9
RO graphy pelvis—AP position 281,978 CT head and neck without contrast media 524,185.6
Irrigography double contrast medium 196,383 Selective coronary angiography 312,544.9
RO L and LC spine in two directions 184,345 Invasive hemodynamics 291,353.5
RO graphy PA skull in proﬁle position 183,697 CT of abdominal organs with contrast
medium
21,2791
Lung RO graphy in the D or L decubitus 156,841 CT of abdominal organs without contrast
media
19,0800




Unit consumption Value of consumption (€)
TSH—tireotrophic homone RIA 11,005 TSH—tireotrophic hormone RIA 170,801.1
Free T4 (FT4)—RIA 10,984 Free T4 (FT4)—RIA 144,161.3
Free T3 (FT3)—RIA 3,705 Free T3 (FT3)—RIA 110,124.7
Mikrosomic antibody (anti-TMS) (IRMA) 3,256 Microsomic antibodies (anti-TMS) (IRMA) 108,182.5
Serum prolactin (RIA) LTH 3,022 Tireoglobulin (RIA) 63,723.5
Cortisol determination (RIA)—method of incubation and
separation
2,996 Serum prolactin (RIA) LTH 59,135.47
Determination of insulin RIA 2,908 Insulin determination RIA 51,449.5
Tireoglobulin (RIA) 1,794 Scintigraphy of the whole body J-131 47,230.93
Titer thyroglobulin antibody 1,652 Determination of cortisol (RIA)—method of
incubation and separation
40,631.77
Scintigraphy of the whole body J-131 1,193 Titer tireoglobulin antibody 26,918.96
Radiation therapy
Unit consumption Value of consumption (€)
Gentigrey (in units) 11,581,975 Gentigrey (in radiation absorbtion units) 1,439,235
Accelerator—isocentric technique 19,732 Determination of airﬁelds spelling 26,566.63
Supervoltage accelerator radiotherapy with the modiﬁed ﬁeld 12,224 Intracavitary gynecological applications 21,739.46
Supervoltage accelerator radiotherapy with wedge-shaped
ﬁlter
8,028 Team treatment for aerial treatment of the
patient
19,564.45
Determination of the airﬁeld graphs 6,320 Determination of markers spelling 5,199.80
Determination of markers spelling 1,334 Accelerator—an isocentric technique 735.70
Team treatment for aerial treatment of the patient 1,250 Supervoltage accelerator radiotherapy
with the modiﬁed ﬁeld
463.62
Radiotherapy—accelerator leaning 579 Supervoltage accelerator radiotherapy
with wedge-shaped ﬁlter
436.10
After loading the applicator with the applications with
source intensity catheter
20 Radiographic veriﬁcation using selectron 203.54
Intracavitary gynecological applications 20 Team treatment—selectron 142.78
AP, anterior-posterior; IRMA, Immunoradiometric assay; LTH, luteotropic hormone; PA, posterior-anterior; PTA, percutaneous transluminal
angioplasty; RIA, Radioimmunoassay; RO, radiology diagnostic; TMS, thyroid microsomal antibodies.
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In 2007, the largest portion of services was obtained out-
patiently; in 2008 and 2009, services were equally obtained
outpatiently and inpatiently; and in 2010, radiological services
were mostly obtained inpatiently because it was noticed thatmore strict prescription is important as a way to achieve
serious cost-containment, which is already less in comparison
to that in some other countries [15]. By that measure, the
number of radiological services provided decreased in 2010,
but because the price of these services multiplied, and some
more expensive methods started to be used, treatment
expenses tripled compared with those in 2007. We can notice
Table 3 – Top 10 most expensive diagnoses of






Z95 Persons with potential health hazards
related to family and personal
history and certain conditions
inﬂuencing health status—Presence
of cardiac and vascular implants and
grafts
1,365,643.22
C50 Malignant neoplasm of breast 973,285.91
C73 Malignant neoplasms of thyroid and
other endocrine glands— Malignant
neoplasm of thyroid gland
920,159.01
I21 Ischemic heart diseases—Acute
myocardial infarction
664,869.96
I20 Ischemic heart diseases—Angina
pectoris
653,568.84
C01 Malignant neoplasms of lip, oral cavity,
and pharynx—Malignant neoplasm











G81 Cerebral palsy and other paralytic
syndromes—Hemiplegia
373,981.90
ICD, International Statistical Classiﬁcation of Diseases.
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costs.
Radiology diagnostics and interventional radiology are the larg-
est consumers of these three groups of services. This was expected
because these services are often prescribed, and the price of the
interventional radiology service was high, and so 75% of the budget
of radiology and nuclear medicine was spent for this purpose.
Because the number of hospitalized patients constantly
increased during the analyzed period, the expectations of cost
expenditure are justiﬁed. Although more stringent prescription of
these services is applied, so that the percentage share of patients
who receive radiological and nuclear services is decreased sig-
niﬁcantly, the leap in the expense of these services led to an
increase in total costs.
The average service price increased about three times per
patient and that is a great deal of the budget obtained for these
purposes. Although recession signiﬁcantly affected the more
strict prescription, the services price leap led to the growth in
average service price per patient.
The number of patients hospitalized for the ﬁrst time who
received some service was signiﬁcantly decreased, and the
number of patients processed from all three groups decreased
as well. In contrast to reducing the volume of unit consumption,
the costs increased many times. Out of all services, the radiology
diagnostic service with interventional radiology recorded a con-
stant increase in percentage cost share, from 62% to 79.55%. The
increase in expenses followed because of the increase in the
service volume of interventional radiology methods, which are
very expensive and their prices are constantly growing on the
world market. The increase in the number of various services
offered led to an increase in cost, because the constant promo-
tion of institutions and the education of physicians widen theservice assortment available, and therefore covers the greater
range of diseases that can be treated.
Because the thyroid gland diseases are increasing in Serbia, it
is expected that the volume and the price of services used for the
thyroid gland examination will increase. This is most evident
when we look at nuclear medicine services among the top 10
services, and their volume and consumption—six to seven of the
top 10 services are connected with the examination of the thyroid
gland. It is believed that the main reason for the poor economic
status of the population (upper-middle gross national income per
capita), and therefore, poor diet, increasing stress, and environ-
mental damage caused by the NATO bombing campaign of 1999.
In the last decade, a ﬁvefold increase was marked in thyroid
gland and other endocrine gland diseases.
Malignant diseases, which require radiotherapy, are rising as
well. Thus, although the percentage share of expenditure of
radiotherapy services in relation to the entire annual consump-
tion decreased, customer value of these services increased by
one third.
The most number of services was provided in the radio-
therapy domain. That is to be expected when every session in
the treatment of some malignant disease means giving a larger
number of cytostatics several times during the treatment.
Almost every patient who received some of the diagnostic
methods of classical radiology got at least one lung RO graphy in
maximum expiration, and out of all hospitalized patients every
4th patient got the lung RO graphy in maximum expiration in
2010, while in 2007, every 13th patient got the lung RO graphy.
This meant that the number of hospitalized patients increased,
but the lung RO graphy in maximum expiration was prescribed
even more often in 2010—although it was expected because of its
stringent regulation—rarely an indication of recession. Therefore,
this method is the biggest consumer, and marks a jump of 4.5
times in the period analyzed.
The important data are that CT-targeted recordings of partic-
ular organs with reconstruction are the greatest consumers of
imaging methods and that their consumption increased 23 times,
which is afﬁrmed by the data that the volume trend of this
method marked a clear growth of 18.5 times. The ﬁndings in the
literature were also similar [7,16].
The methods of interventional radiology did not record any
increase in the consumption volume, and the growth in the
prices of the services led to a consumption increase of about
three times. Although the opening of the catheterization hall in
Kragujevac should have led to a signiﬁcant inﬂux of patients in
this ﬁeld and increase the service volume, it had not happened.
Because each 40th patient in our center received some kind of
a radiology service, it is considered as the nonrational use of
these diagnostic methods. The tendency of the growth in con-
sumption from 2007 till 2008, which dropped in 2009, can be
explained by the means of the global economic crisis, and should
not be ascribed to the rationally prescribed radiologic procedures.
This is a devastating piece of information and must be taken with
a great caution and a guide of good practice should be made in
the future concerning the radiologic procedures and in that way
try to examine the prescription of the treatment and sanction
those who do not follow this guide. All this should reduce the
unnecessary waste of budget assets.
When compared with the Levin [17] study in Pennsylvania,
PA, of about 6 million health insurance holders, signiﬁcantly
higher expenses were incurred in total on radiologic check-ups,
out of which 62% were nonradiologic expenses. It is a relatively
small consumption for these services, but it still represents an
enormous expense for our modest budget assets and it prevents
the allocation of necessary ﬁnancial assets for other purposes.
Sunshine et al. [18] reported that during 1996 and 1997, large
ﬁnancial resources were spent during the full-time workload at
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(including the methods of radiologic oncology).
A great importance is given today to the methods of interven-
tional radiology, which replace the classical surgery and greatly
shorten the postoperational recuperation of patients who are
hospitalized and in this way reduce the expenses as well. These
should be usedmore andmore, and the fall in their use in our study
during 2009 was, although a partial explanation can be found in the
reduction of the health budget, due to the ﬁnancial hardship.
Average expenses for radiologically examined patients
in all the three analyzed years were in the range from 10,000
RSD (€125) to 17,000 RSD (€218), and if this is multiplied with
the size of the population of a million residents, it is a great
expense.
The devastating fact is that irrespective of the discharge
diagnosis each patient gets a lung graph or every 10th gets a CT
of the endocranium on average. This is a dubious piece of
information when it is compared with other studies, as the one
by Bhargavan and Sunshine [19], in which out of the total 4176
radiologic procedures, 49.3% go to all the radiologic check-ups and
9.36% to all the CTs. When these two populations are compared,
this is a catastrophic information for our health care system and
speaks in favor of the human neglect and the great need for a
guide of good clinical practice with strict indications [7].
It is interesting to note that among the 10 most expensive
methods, RO of the lung graph ranked second, the reason for this
being its nonrational consumption, which must be stopped
because of not only huge expenses but also the unnecessary
radiation to which patients are exposed.
Many studies have shown that there has been a reduction in
the total number of radiologic check-ups. The number of offered
services using new methods (CT and NMR) has increased, which
means that they are often misused and that patients are
unnecessarily undergoing shots and radiation [20]. As it is a
well-known fact that the dosage during the CT treatment is 300
times higher than that during ordinary CT scan graph, here lies
the danger of the possible development of tumor, which origi-
nates from mutations caused by such radiation.
When compared with the American study from 2001, in which
out of the 4176 radiologic services there were 215 services of
interventional radiology [19], the percentage of the intervention
radiology service is modest in our case, but at the same time the
use of other conventional methods is very high.
The age distribution, as well as the sex distribution, only
conﬁrms that today the presence of the disease is the same for
both sexes and that the older population is much more exposed
to the radiologic radiation. The devastating piece of information
is that one tenth of the patients who undergo the radiologic
check-up are younger than 18 years. With this population one
should be stricter when prescribing the radiology diagnostic
imaging (RDI) methods because of the impact of the radiation
on gonad cells.
Our study once again conﬁrmed that the most frequent are
still the cardiovascular diseases and that their prevention is the
most important. A special attention should be paid to this piece
of information, and the guide for the prevention of such disorders
should be used.
Because CT ranked eighth among the top 10 services according
to the unit consumption, it is a worrying information because it is
not possible that all these patients have fulﬁlled the conditions for
certain indications in which these very powerful but at the same
time very harmful radiologic methods are prescribed. It is also very
important that the RDI of lungs is still the most often used of all
radiologic methods and that it is unbelievable that each patient gets
along a graph on average. It is an irresponsible prescription of this
RTG method, and strict instructions should be given to stop such
nonrational prescription.Top 10 lists according to the total consumption have been
shown, which claim that the lungs RDI is ranked second and that
the remaining ranks are ﬁlled with CT methods and two inter-
vention methods. Huge resource consumers are also the adjoin-
ing expenses of these radiologic procedures: RO ﬁlms, contrasts,
and radioactive isotopes.
A special attention should be paid to lists of most expensive
disorders per clinical radiology branch-department. Nuclear med-
icine top 10 list of most expensive diagnosis reveals an antici-
pated structure, with endocrine disorders dominating. Oncology
radiation therapy services consumption exhibits unique morbid-
ity rates of particular cancer types in the region. A very interest-
ing ﬁnding in the domain of radiology diagnostics is for
cardiovascular and orthopedic surgical implantation procedures
and dealing with their complications, being placed at the very top
of the list. Other details can be studied in Table 3.
The trend of a constant rise in expenses as well as the volume
of services in radiology was marked with many services. We have
chosen only some of them and shown them on the graph, in
which a trend of growth can clearly be seen, with a slight
decrease during 2009 due to the reduction in the budget as a
result of the global economic crisis [21].
The data concerning the number of services provided, which
rises from year to year and is tripled every year, is a very good
indicator of how nonrationally the methods of radiologic diag-
nostics and therapy are used. At the same time, however, a
decrease in the application of the methods of interventional
radiology is discomforting, because the recently opened theatre
of interventional radiology should replace the big expenses of the
surgical blocks and contribute to the quick diagnostics and
treatment of these patients [22].Conclusions
The total level of the value of the consumption of radiologic services
is comparable (higher/lower) with other tertiary clinics of similar
size among developing countries. However, the structure of the
consumption within the available hospital budget is not the best
and could be signiﬁcantly improved by redirecting the nonrationally
spent resources toward priority domains. The suggested measure
for the improvement of the structure of the suggested diagnostic
and therapeutic intervention is the making of a local protocol of
good practice by which a desirable and suggested dynamics of the
frequency of doing certain check-ups in certain indications (pneu-
monia, stroke, tumors, etc.) is to be established. The investment of
resources for the implementation and application of such a guide
and a periodical (annual) estimation of following the protocol,
which was agreed upon, would be a good idea. Consumption
patterns should be transformed in respect to their quality and
upgraded, so that the decision is more signiﬁcantly based on
evidence. The recession, macroeconomic events, and current cuts
in the budget for the health sector in Serbia will increase the
external pressure on management bodies and so such changes will
probably be inevitable in the coming years.Acknowledgments
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